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INTRODUCTION 
Scoliosis is a spinal deformity, involving a side-to-side curvature of the spine in the coronal plane 
as well as a rotation of the spinal column in the transverse plane. The coronal curvature is 
measured using a Cobb angle. If the deformity is severe, treatment for scoliosis may require 
surgical intervention whereby a rod is attached to the spinal column to correct the abnormal 
curvature.  In order to provide surgeons with an improved ability to predict the likely outcomes 
following surgery, techniques to create patient-specific finite element models (FEM) of scoliosis 
patients treated at the Mater Children’s Hospital (MCH) in Brisbane are being developed and 
validated. This paper presents a comparison of the simulated and clinical data for a scoliosis 
patient treated at MCH. 
 
METHODS 
Using a custom developed pre-processor, a low-dose patient CT dataset was thresholded to 
demarcate the osseous anatomy and key bony landmarks were selected manually by the user.  
Using these bony landmarks the patient-specific three-dimensional geometry for the spinal column 
and ribcage was reconstructed and converted into a patient-specific FEM. The cartilaginous 
intervertebral discs were represented between adjacent vertebrae, intercostal soft tissues connected 
adjacent ribs and seven spinal ligaments were represented across each spinal joint. Material 
properties for all tissues were derived from the literature. 
 
Two separate clinical loading conditions have been simulated using the patient-specific FEM. 
Firstly, the displacement of the spine during the pre-operative patient flexibility assessment, the 
Fulcrum Bending radiograph, was simulated. Fulcrum flexibility measures the reduction in Cobb 
angle while the patient lies laterally over a cylindrical fulcrum and is expressed as a percentage of 
the standing Cobb angle. A simulated Fulcrum flexibility was calculated and compared with the 
clinical data for this patient. Secondly, data for the forces applied to the spine intra-operatively 
(Fairhurst, Little, Adam, 2009 ACSR Meeting, Adelaide) were used to simulate surgical deformity 
correction in the patient-specific FEM. The simulated corrected Cobb angle was measured and 
compared with the clinical data for this patient.  
 
RESULTS 
Clinically, this patient had an initial Cobb angle of 44o, which reduced to 26o during Fulcrum 
Bending, thus giving a pre-operative Fulcrum flexibility of 40.9%.  Surgically, the coronal 
deformity corrected to 14o. The simulated initial Cobb angle was 40o, which reduced to 23o when 
the displacement of the spine during the Fulcrum Bending radiograph was simulated. Thus the 
simulated Fulcrum flexibility was 47.8%. Results from the surgery simulation demonstrated a 
simulated corrected Cobb angle of 14o.  The computed results for the patient-specific FEM showed 
similar values to the clinical data and were within the accepted clinical measuring error of 5o. 
 
DISCUSSION 
Comparison between the clinical and simulated data for this patient demonstrated good agreement, 
suggesting that the patient-specific modelling capabilities hereto developed are capable of 
capturing the physiological behaviour of a scoliotic spine. Future studies will use a larger subset of 
patient data to provide a more detailed and thorough validation of the patient-specific spine FEM. 
Using this FEM it will be possible to gain an improved understanding of the biomechanical impact 
of surgical interventions on the structures within the spine.  
